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intcgrn, glabra, supra lueida; ncrvi latcrales 12-16 utrinque costaquc 
utraquc pagina prominuli; petioliw usque polliccm fere longus, teres, 
glabcr. Amenta axillaria, geminata, rarius abortu solitaria, breviter 
(} poll.) pedunculate, subtus nuda, supra floribus masculis densissime 
obducta, focniineis paucis inulto mnjoribus intermixtis. Bractcolrc 
trigono-peltate, minutse, pilosulse, ciliolatre, viridcs. Flores scssilcs, 
compact!, viridiusculi, dcin albcsecntes. Scpala florum masc. basi in 
tubmn brevem connata, extus pilosula, ea flor. focm. libera, exteriora 
pubera, dein birtella, interiora liuvin, tcncriora. Achamium pisi majoris 
magnitudinc, stylo persistente nuctum, perigonio birtello inclusum, 
matiircscens contnctu etiam levi elasticc (ad 6 metr.) exsiliens. 

In sylvis Sumatra; ; in prov. Palcmbnng ; in prov. Padang prope Lumut et 
ad littora prope Siboga, Teijsmann. Ins. Singapore, T. Anderson, M.D. 

Nom. vcrnac. Kapinie. 

Synon. Artocarpus clongntus, Miq. VI. Ind. Bat. Snpjil. p. 172 ct41!). 

'1'aij. XIII. fig. 1. Ramus florifcrns tnagnit. nat. ; fig. 2. Flos ct ? 
auet. iit fig. sequent.; fig. 3. Scpalum exter. fl. $ n dorso ; fig. 4. 
Sepal, inter, fl. 2 ; fig. 5. Ovarium ; fig. 6. idem, verticaliter transscet. ; 
fig. 7- Semen, tegmeuto remote. 



On the Sexual Relations of the Three Forms of Lytlirum salicaria. 

By Charles Darwin, F.R.S., F.L.S., <fec. 

[Read June 16, 1864.] 

Some of the species of Lytlirum offer in their manner of ferti- 
lization a moro remarkable case than can, perhaps, be found in 
any other plant or animal. In Lythrum salicaria three plainly 
different forms occur: each of these is an hermaphrodite, each 
is distinct in its female organs from the other two forms, and 
each is furnished with two sets of stamens or males differing 
from each other in appearance and function. Altogether there 
are three females and three sets of males, all as distinct from 
each other as if they belonged to different specios ; and if smaller 
functional differences are considered, there arc five distinct sets 
of males. Two of tho three hermaphrodites must coexist, a,nd the 
pollen be carried by insects reciprocally from one to the other, 
in order that cither of the two should bo fully fcrtilo; but unless 
all three forms coexist, there will be waste of two sets of stamens, 
and the organization of the species, ns a whole, will be imperfect. 
On tho other hand, when all three hermaphrodites coexist, and 
the pollen is carried from one to the other, the schemo is perfect ; 
there is no waste of pollen and no false co-adaptation. In short, 
nature has ordained a most complex marriage-arrangement, 
namely a triple union between three hermaprodites, — each her- 
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maphrodito lining in its female organ quite distinct from the 
other two hermaphrodites and partially distinct in its male 
organs, and each furnished with two sets of males. 

The three forms may he conveniently called, from the unequal 
lengths of their pistils, the long-styled, mid-styled, and short-styled. 
Their existence and differences were first observed by Vaucher # , 
and subsequently more carefully by Wirtgen ; but, not being guided 
by any theory, neither author perceived some of the most curious 
points of difference. I will first briefly describe the three forms 
by the aid of the accompanying accurate diagram, which shows 
the flowers, six times magnified, in their natural position, with 
t heir petals and the near side of the calyx removed. 

Long-styled form . — This can at once be recognized by the 
length of the instil, which is (including tho ovarium) fully one- 
third longer than that of the mid-stylcd, and more thau thrice 
as long as that, of the short-styled form. It is so dispropor- 
tionately long, compared with the flower, that it projects in 
the bud through the unfolded petals. It stands out consi- 
derably beyond the longer stamens ; its terminal portion de- 
pends a little, but the stigma itself is slightly upturned : the 
globular stigma is considerably larger than that of the other 
two forms. The six longer stamens project about two-thirds 
of the length of the pistil, and correspond in length with the 
pistil of the mid-styled form. The correspondence with tho 
pistil in length in this and the two following cases is generally 
very close ; the difference, where there is any, being usually in a 
slight excess of length in the stamens. The six shorter stamens 
(each of which alternates with a longer one) lie concealed within 
t ho calyx ; their ends arc upturned, and they arc graduated in 
length, so as to form a triple row — both which characters are 
here much more marked than with the longer stamens, which 
vary in these respects. The anthers of t he shorter Btamens are 
smaller than those of the longer stamens. Knowing that the 
pollen differs greatly in tho longer and shorter stamens of the two 
other forms, I carefully compared that of the two sets of stamens 
in this form : in both the pollen-grains are yellow, hut they arc a 
little larger in the longer than in the shorter stamens. The dif- 
ference is slight, so that I convinced myself of its reality only by 
putting two small heaps close together under the compound mi- 

* Hist. Phys. des Plantes d’JSuropr, tom. ii., 1841, p. 371. Wirtgen, “ Ucbcr 
l,i/thrnm snlicarin and drssrn Forinon,” Vorlmnd. dra nst.nrliist. Veroins dcr 
preuss. Rlicinl., 5. Jnlirgnng, 1818, 8. 7. 
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diagrams of llio flowers of Dio three forma of Li/fhnim snlicarin, in their 
natural position, with tho petals removed and with the near side of the clay* 
cut away : enlarged six times. 

The doited lines with the artows show which pollen must be applied to each 
stigma to cause full fertility. 
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croscopc, and I found I could always (with one exception) distin- 
guish them : I then showed the specimens to two other persons, 
and they likewise distinguished the two kinds and pointed out. 
which was the largest. The capsules of this form contain, on an 
average, 9-'! seeds : how this average was obtained will presently 
be explained. I repeatedly observed that the seed, when cleaned, 
seemed larger than that from the mid-sty led or short-styled 
forms; consequently I placed 100 long-styled seeds in a good 
balance, and by the double method of weighing found that, they 
equalled 121 seeds of the mid-styled and 142 of the short-styled; 
or, in short, that five long-styled seeds equalled six mid-styled and 
seven short-styled seeds. These slight differences in the weight of 
the seed, and, as we shall soon see, in the average number produced, 
are worth recording, as they characterize not mere varieties but 
coexisting forms of the same species. 

Mid-styled form . — The pistil occupies the position represented 
in t lie diagram, with ils extremity considerably, but in a variable 
degree, upturned ; the stigma is seated between the anthers of 
the long and the short stamens. The six longer stamens correspond 
in length with the pistil of the long-styled form ; their filaments 
arc coloured bright pink ; the anthers are dark -col cured, but 
from containing bright green pollen and from their early de- 
hiscence they appear emerald-green. Hence the general appear- 
ance of these stamens is remarkably dissimilar from that of the 
longer stamens of the long-styled form. The six shorter stamens, 
enclosed within the calyx, resemble in all respects the shorter 
stamens of the long-styled form, and both correspond in length 
with the short pistil of the short-styled form. The green pollen- 
grains of the longer stamens arc plainly larger than the yellow 
pollen-grains of the shorter anthers : this fact was conspicuous in 
several camera-] ucida drawings made for me by my son, Mr. W. E. 
Darwin. There is some variability in size, but T ^j) of an inch 
may be taken as about the average diameter of the green pollen- 
grains when distended with water, and as the diameter of 
the yellow grains of the shorter stamens ; so that the difference 
in diameter is in about, the proportion of four to three. The cap- 
sules contain, on an average, 132 seeds ; but, perhaps, as wo shall 
see, this is rather too high an average. The seeds themselves arc 
smaller than those of the long-styled form. 

Short, -styled form . — The pistil is here very short., not one-third 
of the length of that of the long-styled form. It is enclosed 
within the calyx, which, differently from in the other two forms, 
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docs not enclose any anthers. The end of the pistil is generally 
bent upwards at right nnglcs. The six longer stamens, with their 
pink filaments and green pollen, resemble in size of the grains 
and in all respects the longer stamens of the mid-styled form, and 
both correspond in length with the long-styled pistil. The six 
shorter stamons, with their uncolourcd filaments and yellow pollen, 
resemble in size of the grains and in all respects the longer 
stamens of the long-styled form, and both correspond in length 
with the mid-styled pistil. The capsules contain fewer seeds on 
an average than in either of the preceding forms, namely 83 5, and 
they are considerably smaller in size. In this latter respect, but 
not in number, there is a gradation parallel to that of the length 
of the pistil, the long-styled having tho largest, the mid-styled the 
next in size, and the short-styled the smallest seed. 

From this description wo see that there are throe distinct 
female organs, or rather females as they a re borne on distinct indi- 
viduals, differing in the length and curvature of the style, in the 
size of the stigma, and in the number and size of the seed. In the 
three forms, taken together, there are thirty-six stamens or males, 
and these can be divided into three sets of a dozen each, differing 
from each other in length, curvature, and colour of the filaments, 
in the size of the anthers, and especially in the colour and 
diameter of the pollen-grains. Each of the three forms boars 
half-a-dozcn of one kind of stamens and half-a-dozen of another 
kind, but not all three kinds. The three kinds correspond in 
length with the three pistils: the correspondence is always be- 
tween half the stamens borne by two forms with tho pistil of a 
third form. These remarks apply to the structure, and not, as yet , 
to the functions, of tho reproductive organs. 

I ascertained the average number of seed by counting them in 
eight fine selected capsules taken from plants of tho three forms 
growing wild, and tho result was, as we have seen, for the long- 
styled (neglecting decimals) 03, mid-styled 132, and short-styled 
83. I should not have trusted this result, but I had a number 
of plants in my garden which, from their youth, did not yield tho 
full complement of seed, but they were of exactly the same age 
and grew under exactly the same conditions, and wore freely 
visited by bees. I. took six fine capsules from each, and found 
the average to be for the long-styled 80, for the mid-styled 07, 
and for the short-styled Gl. Lastly, I made numerous artificial 
unions, and, as may be seen in the following Tables, these gave 
in the long-styled an average of 00 seeds, in the mid-styled 117, 
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and in 1 he short-styled 71. So that we have good concurrent 
evidence of the different average production of seed by the three 
forms. To show that the artificial fertilizations, presently to be 
described, produced their full effect and may be trusted, I may 
state that one mid-stylcd capsule yielded 151 good seeds, which 
is the exact number of the finest wild capsule examined by me. 
Artificially fertilized short- and long-styled capsules actually pro- 
duced a greater number of seeds than 1 have found in wild plants, 
but then I did not examine many of the latter. This Lythnnn, 
l may add, offers a remarkable instance, how profoundly ignorant 
we arc of the life-conditions of each species: naturally it grows 
“ in wet ditches, watery places, and especially on the banks of 
streams,” and though it produces so many minute seeds, it never 
spreads on the adjoining land; yet, planted in my garden, on 
clayey soil lying over the chalk, and which is so dry that a rush 
cannot be found, it thrives luxuriantly, grows to above six feet in 
height, produces self-sown seedlings, and (which is a severer test) 
is fully as fertile as in a state of nature. Nevertheless it would 
be almost a miracle to find this plant spontaneously growing on 
such land as my garden, though under its native climate. 

According to Vauchcr and Wirtgcn, the three forms coexist in 
all parts of Europe. Some friends gathered for me in North 
Wales a number of twigs from separate plants growing near each 
other, and then classified them. My son did the same in Hamp- 
shire, and here is the result : 





Long-stylod. 


Mid-stylcd. 


Short-Btyled. 


Total. 


i North Wales 


Ofi 


07 


72 


204 


1 Hampshire. 


5.'} 


38 


38 


120 


1 Total.... 


148 


135 


110 


303 



If twice or thrice the number had been collected, probably the 
three forms would have been found nearly equal ; I infer this 
from considering the above figures, and from my son telling me 
that if he had collected in another spot, he felt sure that the 
mid-styled plants would have been in excess. I several times 
sowed small parcels of seed, and raised all three forms ; but I 
neglected to record the parent form, except in one instance, in 
which T raised from short-styled seed twelve plants, of which only 
one turned out long-styled, four mid-styled, and seven short- 
styled. 
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Insects arc necessary for the fertilization of this Ly thrum. 
During two years I kept two plants of each form protected, and 
in the autumn they presented a remarkable contrast in appear- 
ance with the adjoining uncovered plants, which were densely 
covered with capsules. In 1803 a protected long-styled plant pro- 
duced only five poor capsules ; two mid-styled plants produced the 
same number ; and two short-styled plants between them produced 
only one : these capsules contained very few seed ; yet the plants 
were fully productive when artificially fertilised under the net. 
In a state of nature the flowers are incessantly visited for their 
nectar by hive- and humble-bees and various Diptera. The nectar 
is secreted all round the base of tho ovarium ; "but a passage is 
formed along the upper and inner side of the calyx by the lateral 
deflection (not. represented in the diagram) of tho basal portions 
of the filaments ; so that insects invariably alight on the upper 
side of the flowers, on the projecting stamens and pistil, and insert 
their probosces along the upper inner margin of the calyx. We 
can now see why the ends of the Btamens with their anthers, and 
the ends of tho pistils with their stigma, arc a little upturned, in 
order that they may brush against the lower hairy surfaces of the 
insects’ bodies. The short stamens which lie enclosed within the 
calyx of the long- and mid-styled forms can be touched only by 
the proboscis and the narrow chin of the sucking bee ; hence they 
have their ends more upturned, and they are graduated in length, 
so as to fall into a narrow file, three deep, sure to be raked by 
tho thin intruding proboscis. Tho authors of the longer stamens 
Bland laterally further apart and are more nearly of the same 
length, for they have to brush against tho whole breadth of the 
insect’s body. I may here incidentally remark, that in very 
many flowers the pistil, or the stamens, or both, are rectangularly 
bent to one side of tho flower : this bending may be permanent, 
as with Lylhrutn and many others, or may be effected (aB in 
Dictamnns fraxinella and many others) by a temporary move- 
ment which occurs in tho stamens when the anthers dehisce, 
and in the pistil when tho stigma is mature; but these two 
movements are by no means always contemporaneous in the 
same flower. Now I have found no exception to the rule, that 
when the stamens and pistil aro bent, tho bending is exactly to 
that side of the flower which secretes nectar (even though there 
bo a rudimentary nectary of large size on the opposite side, as in 
some species of Corydalis) ; or, when nectar is secreted on all 
I, INN. PROC. — BOTANT, VOL. VII I. P 
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sides, to that side where the structure of the llowors allows the 
easiest access to it, as in Lythrum, Papilionaceous flowers, and 
many others. Tito rule consequently is that when the pistil and 
stamens are bent, the stigma and anthers are brought into the 
pathway towards the nectary. There are a few cases which seeio 
to be exceptions, but they are not so in truth : for instance, in the 
Gloriosa lily, the stigma of the grotesque and rectangularly bent 
pistil is brought, not into the pathway from the open air towards 
the nectar-secreting recesses of the flower, but into the circular 
route from ono nectary to the other; in Scrophularia aquation 
the pistil is bent downwards from the mouth of the flower, but 
it thus strikes the pollen-dusted breasts of the wasps which 
habitually visit these ill-scented blooms. In the above rule we see 
one more, instance of tlio supreme dominating power of insects 
over all the minor structural details of flowers, especially of those 
which have irregular corollas, blowers which are fertilized by 
the wind must of course bo excepted* but I do not know of a 
single instance of an irregular flower which is fertilized or crossed 
by this moans. 

I have delayed too long on these points, but I must allude to 
one other. Wo have seen that the three pistils of different 
lengths havo each two half-dozen sets of stamens of correspond* 
ing length. When bees suck the flowers, the longest stamens, 
bearing the green pollen, rub against the abdomen and the inte- 
rior sides of the posterior logs, as does likewise the stigma of the 
long-styled form. The stamens of middle length aud the stigma 
of the mid-styled form rub against the under side of the thorax 
and between the front pair of legs. The shortest stamens and 
the stigma of the short-styled form must rub against the pro- 
boscis and chin ; for the bees in sucking insert only the front of 
their heads into the calyx. On catching bees, I observed much 
green pollen on the inner sides of the bind legs and on the abdo- 
men, aud much yellow pollen on the under side of the thorax. 
There was also pollen on the chin, and, it may be presumed, on 
the proboscis, but this was difficult to observe. I had, however, 
independent proof that pollen is carried on the proboscis ; for in 
a protected short-styled plant (which produced only two cap- 
sules) one small branch was accidentally left during many days 
pressing against the fine net, and bees were seen inserting their 
probosccs through the meshes, and in consequence numerous 
capsules were formed on this one small branch. Prom these 
several facts it follows that insects would chiefly carry to the 
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stigma of each form pollen from the stamens of correBpbnding 
length ; and we shall pronontly see the importance of this adapta- 
tion. It must not, however, he supposed that the bees do not 
get more or less dusted all over with the several kinds of pollen ; 
they certainly do, as could bo seen with the green pollen from 
tho longest stamens. Moreover, a caso will presently he given of 
a long-styled plant which grow absolutely by itself, and produced 
an abundance of capsules, which must have boon fertilized by its 
own two kinds of pollen ; but those capsules contained a very 
poor average of seed. Hence insects, and chiefly bees, act both 
as general carriers of pollen, and ns special carriors of the right 
kind *. 

Variability. Before passing on to more important topics, I 
must say a few words on this head. Wirtgon romarkst on tho 
variability in the branching of the stem, in tho length of tho 
brae tea>, size of tho petals, and in several other respects. Tho 
plants now growing in my garden have their leaves arranged op- 
positely, alternately, and in whorls of three, and differ greatly in 
shape. The stems of the plants hearing leaves in whorls are 
hexagonal ; those of tho other plants are quadrangular. But wo 
arc concerned only with the reproductive organs : the upward 
bending of the pistil is variable, aud in a remarkable degree in 
tho short-styled form, in which it is sometimes straight, some- 
times slightly curved, but generally upturned at right angles. 
The stigma of the long-styled pistil frequently has longer papillso 
or is rougher than that of tho mid-sf.ylcd, and this than that of 
tho short-styled form ; hut this character, though fixed and uni- 
form with the two forms of Primula , is here variable, and I have 

* In my paper on the two forms of Primula (Journal Proc. Linn. Soc. 1862, 
p. 85) I stated that I had only occasionally seen humblo-bos sucking tho flowers 
of the Cowslip (P. verit). Since then I have had some beds in my garden 
containing nearly 700 plants, and these were incessantly visited by Bomba* 
hartorvm nnd B. mtucorum. I caught sonic of theso boon, and I found (ns I 
had anticipated in my paper, p. 86) that a vast majority of the pollen-grains 
which adhered to the base of the proboscis were large-sized and had come from 
the long stamens of the short-styled form, and were thus placed ready to ferti- 
lize the stigma of tho long-styled form. On tho other hand, on tho middle, nnd 
near the tip of tho proboscis, a very large proportion of tho pollen-grains were 
of tho small size, and had come from the short stamens of tho long-styled form. 
My son caught, also, a moth (OuoaUia verbasci) hovering ovor the bod, ami I 
found on its proboscis a similar distribution of tho two kinds of pollen-grains. 
I give these facts as a further illustration of tho importance of the rclalivo 
lengths of the stamens and pistil. 

f Verhaud. doe nalurhist. Vereins, 5. Jnhrgang, 18-48, S. 11, 18. 
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seen mid-styled stigmas ronglicr than those of the long-styled. 
The degree to which the longer and middle stamens are graduated 
in length and aro upturned at their ends is variable ; sometimes 
all are equal. The colour of the green pollen in the long stamens 
is variable *, and is sometimes pale greenish yellow ; in one short- 
styled plant it was almost white. The grains vary a little in 
size : 1 examined one short-styled plant with the grains abovo 
the average size ; and I have seen a long-styled plant with un- 
distinguishable grains from the longer and shorter anthers. We 
have here considerable fluctuations of character; and if any of 
these slight structural differences were of direct service to the 
plant, or were correlated with useful functional differences, wo 
can perceive that the species is just in that state in which natural 
selection might readily do much for its modification. 

To return to our proper subject — wo see that there are throo 
kinds of females and three kinds of males, each kind of the latter 
being borne by half-dozens on two of the three forms. It remains 
to discover whether these sev eral sexes or sexual organs differ from 
each other in function. Nothing brings more prominently forward 
the complexity of the reproductive system of this extraordinary 
plaut, than the necessity, in order to ascertain the above fact, of 
artificially making eighteen distinct unions. Thus the long-styled 
form had to be fertilized with pollen from its own two distinct 
kinds of anthers, from the two in the mid-styled, and from the two 
in the short-styled form. The same process had to be repeated 
with both the mid- and short-styled forms. It might have been 
thought sufRcieut to have tried on each stigma the green pollen, 
for instance, from either the mid- or short-styled longer stamens, 
and not from both ; but the result proves that this would havo 
been insufficient, and that it was nocessary to try all six kinds of 
pollen on each stigma. As in artificial fertilizations there will 
always bo some failures, it would have been advisable to have 

* Lagerslramia Indies, one of the Lythraccie, is strangely variable in its 
stamens — I presume in part due to its growth in n hothouse. The most per- 
fect flowers produced with me five very long stamens with thick flesh-coloured 
filaments and green pollen, nnd from nineteen to twenty-nine short stamens with 
yellow pollen ; hut many flowers produced only one, two, three, or four long 
stamens with green pollen, which in some of the nnthers was wholly replaced 
by yellow pollen ; one anther offered the singular case of half, or one cell being 
filled with bright green, and the other cell with bright yellow pollen. One petal 
had a furrow nenr its base, which contained pollen. According to analogy with 
Lylkrttm, this species would produce three forms j if so, the above plant was a 
mid-styled form : it was quite sterile with its own two kinds of pollen. 
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repeated cacli of the eighteen unions a score of times ; but the 
labour would have been too great ; as it was, I made 223 artificial 
unions; i. e., I fertilized, on an average, above a dozen flowers in 
the eighteen different methods. Each flower was castrated ; the 
adjoining buds had to be removed, that the marking-thread, wool, 
&c. might be safely secured ; and after each fertilization the 
stigma had to bo examined with a lens to see that there was suf- 
ficient pollen. Plants of all three forms were protected during 
two years by large nets on a framework ; two plants were used 
during one or both years, in order to avoid any individual pecu- 
liarity in any one plant. As soon as the flowers withered, the 
nets were removed ; and in the autumn the capsules were daily 
inspected ; when the seeds were ripo they wero counted under 
the microscope. I have given these details that confidence may 
be placed in the following Tables, and as somo excuse for two 
blunders which, I believe, I made. These blunders aro referred 
to, with their probable causes, in two notes to the Tables ; the 
erroneous numbers, however, arc entered in the Tables, that it 
may not be supposed that I have in any one instance tampered 
with the results. 

A few words explanatory of the three Tables must be given. 
Each is devoted to one form, and is divided into six compartments. 
The two upper ones in each table give the product of good seed 
from the application of pollen from the two sots of stamens which 
correspond in length with the pistil of that form. The two next 
lower compartments show the result of pollen from the other two 
sets of stamens, which do not correspond in length with the pistil, 
and which are borne by the same two forms. The two lowest 
compartments show the result of the application of each form’s 
own two kinds of pollen. The term “own pollen,” used hero and 
in the Tables, docs not mean pollen from the flower to be fertilized 
- — for this was never used — but from another flower on the samo 
plant, or more commonly from a distinct plant of the same form. 
In the result given, “ 0 ” generally moans that no capsule was 
produced, or that the capsule contained no good seed. In somo 
part of each row of figures in each compartment, a short hori- 
zontal line may be seen ; the unions above this line were made in 
1SG2, and below it in 18G3. It is of importance to observe this, 
as it show's that the same general result ensued in two successive 
years ; but more especially because 1863 was a very hot and dry 
season, and the plants had occasionally to be watered. This did 
not prevent the full complement of seed beiDg produced from 
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the more fertile 'unions ; but it rendered the less fertile unions 
even more sterile than they otherwise would have been. I have 
seen Btriking instances of this same fact in making homomorphic 
and hcteroinorphic unions in Primula * ; and it is well known 
that the conditions of life must bo highly favourable to give any 
chance of producing hybrids from species which cross with diffi- 
culty. 

Table 1. — Long-stvleb Form. 



i 

j 18 flowers fertilized by the longer 
! stamens of the mid-styled. These 
j stamens equal in length the pistil of 
' the. long-styled. 

Product of good seed in each capsule. 

30 68 

81 0 

0 0 

0 0 

0 0 

— 0 



I 38 per cant,, of those flowers yiold- 
* od capsules. Each capsule contain- 
ed, on an average, 51 ’2 seed. 



n. 

13 flowers fertilized by the longer 
stamens of the short-styled. There, 
stamens equal in length the pistil of 
the long-styled. 

Product, of good seed in each capsule. 

160 104 

43 Ilf) 

5)6 poor seed. 5)6 

103 Of) 

0 131 

0 110 

114 

84 per cent, of those flowers yield- 
ed capsules. Each capsule con- 
tained, on an average, 107 ‘3 seed. 



* In the spring of 1862 I crossed forty Cowslip flowers (P. veris) hetero- 
morphieally and homomorphienlJy. The plants were accidentally exposed in 
the greenhouse to too hot a sun, and a number of umbels perished. Some, 
however, remained in moderately good health, and on these there were twelve 
flowers which lmd been fertilized hetcromorphically and eleven which hod boon 
fertilized homomorphically. The twelve hoteromorphic unions yielded seven line 
capsules, containing on an average 67’3 good seed. Now mark tho difference: 
the eleven homomorphic unions yielded only two capsules, of which one con- 
tained 39 seeds, hut- so poor, that I do not suppose ono would have germinated, 
and the other only 17 fairly good seed. It would bo superfluous to give any 
more details on this experiment, or on some which I made at tho samo time on 
P. Sinensis, afler the appearance of Mr. John Scott's admirable paper on the 
various dimorphic species of Primula, in which ho confirms my former results, 
and adds nanny original and valuable observations. Dr. Hildebrand has also 
(Hot anise be Zeitung, 1864, Jan. 1, 8. 3) confirmed my general results with respect 
to /’. Sinensis, and has corrected an error into which in somo unaccountable 
manner I fell, namely, that, tho pollen-grains from tho long- and short.-Rt.yIod 
forms were of the same size. Dr. Hildebrand has added a scries of new and 
important, experiments, for ho fertilized homomorphically a number of flowers 
with pollen from tho same form, and likowiso from the samo individual flower. 
These latter he found were thus rendered rather more sterile. This experiment, 
I believe, lias never boon systematically tried before. 
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Table I. — TjONO-sttt.ed Form ( ' continued ). 





III. 


IV. 




14 flowers fertilized by the short 


12 flowers fertilized by the shorter 


stamens of tho mid-styled. 


stamens of the short-styled. 


3 


0 


20 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


— 


0 





0 


0 


0 


0 


0 


0 




0 




Too sterile for any average. 


Too sterile for any averago. 








V. 


VI. 




16 (lowers fertilized by own longer 


16 flowers fertilized by own shorter 


stamens. 




stamens. 




2 




4 




10 


0 


8 


0 


23 


0 


4 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


o- 


0 


0 


0 


0 


Too storilo for 


any average. 


Too sterilo for any average. 



1 fertilized a considerable number of flowers with pollen, taken by a. 
camel ’s-hair brush, from both tli e long and short stamens of their own (long- 
styled) form ; hut I did not examine with a lens (ns I did in the cases in 
the Tables) whether sufficient pollen had been placed on the stigma : only 
f> capsules were produced, and these yielded on an average 146 seed. In 
1803 I tried a much bettor experiment : a long-styled plant was grown 
by itsolf, miles away from any other plant, so that its stigmas could have 
received only the two kinds of pollen proper to this form. The flowers 
were incessantly visited by bees, so that the stigmas must have receivod 
on the most favourable days, and at, the most favourable hours, successive 
applications of pollen : all who have crossed plants know that this highly 
favours fertilization. This plant produced an abundant crop of Capsules ; 
I took by chance 20, and these (excluding one poor one) contained seed ns 
below i— 20 20 36 21 10 

20 24 12 23 10 

7 30 27 29 13 

20 12 29 19 86 

This gives an average of 21-6 seed per capsule ; and as we know that this 
form, when standing near plants of the other two forms and fertilized by 
insects, produces an average of 9.3 - l seed per capsule, we see that the 
long-styled form fertilized by its own two pollens yields only betweon 
ono-fourtb and one-fifth of the full number of seed. I have spoken ns if 
this plant had receivod both its own kinds of pollen, and this is, of course, 
possible ; but, from the enclosed position of the shorter stamens, it is 
much more probable that the stigma received almost exclusively the pollen 
from its own longer stamens. 
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Tabic II. — Mid-sttled Form. 



I. 

12 flowers fert ilized by’ the longer 
stamens of the long-styled. 77ie.se 
stamens equal in length, the pistil of 
the mid-stgled. 

Product of good seed in each capsule. 
138 122 

140 r,o 

147 161 

100 110 

133 138 

144 0 

02 per cent, of the flowers (pro- 
bably 100 ner cent.) yielded cap- 
sules. Each capsule contained, on 
an average, 127-3 seed. 


H. 

12 flowers fertilized by tlie shorter 
stamens of the sliort-styled. These 
stamens equal in length the pistil of 
the mid-stgled. 

Product of good seed in each capsule. 

112 109 

180 143 

143 124 

100 146 

33 12 

— 141 

104 

1 00 per cent, of the flowers yielded 
capsules. Each capsule contained, 
on an average, 108 0 seed ; or, ex- 
cluding capsules with less than 20 
seed, the average is 110-7 seed. 


III. 

13 flowers fertilized by the short 
si aniens of the. long-styled. 

83 12 

0 86 (seed small 

q ' and poor. 

44 0 

44 0 

45 0 

64 per cent, of the flowers yielded 
capsules. Kneh capsule contained, 
on an average, 47-4 seed ; or, ex- 
cluding capsules with less than 20 
seed, the average is <30-2 seed. 


IV. 

15 flowers fertilized by the longer 
stamens of the short-styled. 

130 80 

116 113 

14 29 

6 17 

2 113 

9 79 

128 

132 0 

93 ner cent, of the flowers yielded 
capsules. Each capsulo Contained, 
on an average, 09-5 seed; or, ex- 
cluding capsules with less than 20 
seed, tne average is 102-8. 


V. 

12 flowers fertilized by own longer 
stamens. 

02 0 

0 0 

03 0 

— 0 

130 P* 0 

0 0 

0 

Excluding the capsule with 130 
seed, 26 per cent, of the (lowers 
yielded capsules, and each capsule 
contained^ on an average, 54-0 seed ; 
or, excluding capsules with less than 
20 seed, the average is 77’5. 


VI. 

1 2 flowers fertilized by own shorter 
stamens. 

0 0 

0 0 

0 0 

— 0 

. 0 0 

0 0 

0 

0 per cent, of the flowers yielded 
capsules. 



* I hare hardly any doubt that this result of 13G seed is due to a gross error. 
The flowers to bo fertilized by their own longer stamens were first marked by 
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I fertilized ft considerable number of flowers with pollen, taken by n 
cnmel's-hair brush, from both the long and short stamens of their own 
(short-styled) form ; but I did not examine with a lens (as I did in the 
cases in the Tables) whether sufficient pollen had been placed on the 
stigma : only 5 capsules were produced, and these yielded, on an average, 
11 - 0 seed. 



Table III. — Shout-styled Foust. 



12 flowers fertilized by the shorter 
stamens of the long-styled. These 
stamens equal in length the pistil of 
the short-styled. 

00 r.o 

01 88 

88 112 

00 111 

0 02 

0 100 

83 nor cent, of the flowers yielded 
capsules. Each capsule contained, 
on an average, 81-3 seed. 



III. 

10 flowers fertilized by the longer 
stamens of the long-styled. 

0 ‘ 14 

0 0 

0 0 

0 0 

— 0 

23 

Too sterile for any average. 



n. 

13 flowers fertilized by tho shorter 
stamens of the mid-styled. These 
stmnens equal in length the pistil of 
the short-styled. 

03 09 

77 00 

48 63 

43 9 

0 0 

0 0 

— 0 

01 per cent, of the flowers yielded 
capsules. Each capsulo contained, 
on an average, 64 - 6 seed. 



IV. 

10 flowers fertilized by the longer 
stamens of the mid-styled. 

0 0 

0 0 

0 0 

0 0 



Too sterile for any average. 



“white thread,” and thoso by tho longer stamens of tho long-styled form by 
“ white silk a flower fertilized in the latter manner would have yiolded about 
136 soed, and it may be observed that one such pod is missing, viz., at the bottom 
of compartment 1. Therefore I have hardly any doubt that I fertilized a 
flower markod with “ white thread,” as if it had been marked with “ white silk.” 
With respect to tho capsule which yielded seed, in the same column with that 
which yielded 136, I do not know what to think. I endeavoured to prevent 
pollen dropping from an upper to any lower flower, and I tried to remember 
to wipe the pincers carefully after each fertilization j but in making eighteen 
different crosses, sometimes on windy dnys, and pestered by bees and flieB buzzing 
about, some few errors could hardly bo avoided. One day I had to keep a 
third man by me all tho time to prevent the bees visiting the uncovered plants, 
for in a few seconds’ time they might have done irreparable mischief. It was 
also extremely difficult to exclude minute Diptera from the net. In 1862 I 
made the great, mistake of placing a mid-styled and long-styled under the same 
huge net : in 1863 I avoided this error. 4 
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Table HI. — Siiotit-styi.ed 1?obm ( continued ). 



V. 

10 flowers fertilized by oum longer 
stamens. 

0 0 

0 0 

0 0 

_ 0 

0 0 

0 

Too sterile for any average. 



VI. 

lOflowers fertilized by own shorter 
stamens. 

G4P* 0 



— 0 

21 0 

9 

Too sterile for any average. 



I fertilized a number of flowers without particular care with their own 
two pollens, but they did not produce a single capsule; the position of 
tlie stigma within the calyx renders the fertilization without some care 
difficult 



Summary of the. three, preceding Tables. 

Long-styled form. - -Twenty-six flowers fertilized by the stamens 
of corresponding length, borne by the mid- and short-styled forms, 
yielded GI G per cent, of capsules, which contained, on an average, 
R1V7 seed. 

Twenty -six flowers fertilized by the other and shorter stamens 
of the mid- and Bhort-styled forms yielded only two very poor 
capsules. 

Thirty flowers fertilized by this form's own two sots of stamens 
yielded only eight very poor capsules ; but flowers well fertilized 
by bees by one or both of their own kinds of pollen produced 
numerous capsules containing, on an average, 215 seed. 

Short-styled form. Twenty-five flowers fertilized by tbo stamens 
of corresponding length, home by the long- and mid-atyled forms, 
yielded 72 per cent, of capsules, which (excluding one capsule 
with only nine seeds) contained, on an average, 70 8 seed. 

Twenty flowers fertilized by the longer stamens of tlio long- 
and in id-sty led forms yielded only two vory poor capsules. 

Twenty flowers fertilized by both their own two sets of stamens 
yielded only two poor (or perhaps three) capsules. 

A itd-st i/led form. — Twenty-four flowers fertilized by tho stamens 
of corresponding length, borne by the long- and short-styled 
forms, yielded 90 (probably 1.00) per cent, of capsules, which con- 

* I suspect that, by mists to, I fertilized this flower with the pollen of tho 
shorter stamens of tho long-styled form, and it. would then have yielded about 
64 seed. Flowers to bo thus fertilized were marked with Hack silk ; those with 
the pollen of the shorter stamens of the short-styled with black thread j and thus, 
I suspect, tho mistake arose. 
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tained (excluding one capsule with 12 seed), on an average, 117 2 
seed. 

Fifteen flowers fertilized by the longer Btamens of tho short- 
styled form yielded 93 per cent, of capsules, which (excluding 
four capsules with less than 20 seed) contained, on an average, 
102 8 seed. 

Thirteen flowers fertilized by the shortor stamens of the long- 
styled form yielded 64 per cent, of capsules, which capsules (ex- 
cluding one with 19 seed) contained, on an average, 00 2 seed. 

Twelve flowers fertilized by own longer Btamens yielded 26 per 
cent, of capsules, which (excluding one with 9 seed) contained, on 
an average, 77 6 seed. 

Twelve flowers fertilized by own shorter stamens yielded not a 
single capsule. 

Considering tho three Tables and this summary, we may safely 
draw the following conclusions. First, that, as in structure so in 
function, there are three females or female organs : this is mani- 
fest ; for when all three receive the very samo pollen, they are 
acted on most differently. So conversely with the thirty-six sta- 
mens, we know that they consist of three separate sots of a dozen 
each, differing in various respects ; and in function the pollen of 
these three sets when applied to one and the same stigma acts 
most differently, as a glance at the Tables proves. But wo Bhall 
presently see that the action of the pollen of the whole dozen 
longest and of the whole dozen shortest stamens is not identical. 

Secondly, wo sec that only the longest stamens fully fertilize 
the longest pistil, the middle stamens the middle pistil, and the 
shortest stamens the shortest pistil. And now we can compre- 
hend the meaning of tho almost exact correspondence in length 
between the pistil of each form and tho two half-dozen sots of 
stamens borne by tho two other forms ; for the stigma of each 
form is thus rubbed against tho same spot of the insect’s body, 
which becomes most charged with the proper pollen. In all three 
forms, the female organ is but feebly, or not at all, acted on by its 
own two kinds of pollen. In my papers on the dimorphism of 
Primula and Lintm, I used the terms “ heteromorphic ” for the 
fully fertile uuions between tho female clement of the one form 
and the male element of the other, and “ homomorphic ’’ for tho 
less fertilo or quite sterile unions between tho female and malo 
elements of the same form. The principle involved in these terms 
holds good with Jjythrum, but is insufficient ; for though in each 
of tho three forms the fertile unions aro all heteromorphic, tho ap- 
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propriatc pollen coming from the stamens of corresponding lengt h 
borno by the ot her t wo forms, and though the homomorphic unions 
of tho females with their, own two sets of males are always more 
or less sterile, there remain in each ease two other sterile unions, 
not included in these two terms. Hence it will be found con- 
venient to designate the two unions of each female with the two 
sets of stamens of corresponding length, which nro fully fertile, as 
legitimate unions, and the four other, more or less sterile, unions 
of each female with the four other sets of stamens as illegitimate 
unions. Consequently, of the eighteen possible unions between 
tho three forms, six arc legitimate and twelve are illegitimate. 

Another and curious conclusion cannot be considered as proved, 
but is rendered highly probable, by the Tables. Tho unions of 
tho pistils and stamens of equal length nro alone fully fertile. 
Now with the several illegitimate unions it will be found that tho 
greater tho inequality in length between the pistil ami stamens, 
the greater the sterility of tho result. There is no exception to 
this rule. Thus, with the long-styled form, its own shorter sta- 
mens arc far less equal in length to the pistil than its own longer 
stamens ; and the capsules fertilized by the pollen of the shorter 
stamens yielded fewer seeds : the same comparative result follows 
from the use of the pollen of the shorter stamens of the inid-stylcd 
form, which are much shorter than the shorter stamens of the short- 
styled (see diagram), and therefore less equal in length to the long- 
styled pistil. Wo shall see exactly the same result if we look to 
the four illegitimate unions under the mid- and short-styled forms. 
Certainly the difference in sterility in these several rases is very 
slight, but the sterility always increases with tho increasing 
inequality of length between the pistil and the stamens which are 
used. Therefore I believe in the above rule ; but a vast uumber 
of artificial unions would bo requisite to prove it. If tho rule be 
true, wo must look at it as an incidental and useless result of tho 
gradational changes through which this species has passed in 
arriving at its present condition. On the other hand, the corre- 
spondence in length between tho pistil of each form and those 
stamens which alone give full fertility is clearly of service to tho 
species, and is probably tho result of direct adaptation. 

Some of the illegitimate unions yielded, as may bo seen in tho 
Tables, during neither year a single seed ; but, judging from tho 
case of tho long-styled plant, it is probable, if such unions could 
bo effected repeatedly under the most favourable conditions, some 
few seeds would be produced. Anyhow, I can state that in all 
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the eighteen possible unions the pollen-tubes penetrated, after 
eighteen hours, the stigma. I have reason to believe that tho 
offspring from tho illegitimate unions present somo singular 
characteristics ; but until my observations on this head are re- 
peated, I must be silent. At first I thought that perhaps two 
kinds of pollen placed together on tho same stigma would give 
more fertility than any one kind ; hut we have seen that this is 
not the case with each form’s own two kinds of pollen ; nor is it 
probable in any case, as I occasionally got, by the use of single 
kinds of pollen, fully ns many seed as I have seen in a capsule 
naturally fertilized. Moreover the proper pollen from a singlo 
anther is more than sufficient to fully fertilize each stigma ; hence, 
in this as in so many other cases, at least twelve times as much 
of each kind of pollen is produced as is necessary to ensure full 
fertilization. From the dusted condition of the whole body of 
those bees which I caught on these flowers, it is probable that 
some pollen of all kinds is deposited on each stigma ; but there 
can hardly bo a doubt that the pollen of the stamens of corre- 
sponding length will be prepotent and will wholly obliterate any 
effect from the other kinds of pollen, even if previously deposited 
on the stigma. I infer this partly from the fact ascertained by 
Gartner that each species’ own pollen is so prepotent over that of 
any other species, that if put on the stigma many hours subse- 
quently, it will entirely obliterate the action of the foreign pollen. 
But I draw the above inference especially from the following 
experiment: I fertilized homomorphically or illegitimately some 
long-styled Cowslip flowers ( Primula veris ) with their own pollen, 
and exactly twenty-four hours subsequently I fertilized these 
same stigmas hcteromorphicallv or legitimately with pollen from 
a short-styled dark-red Polyanthus. I must premise that I have 
raised many seedlings from crossed Cowslips and Polyanthus, and 
know their peculiar appearance ; and I further know, by the test 
of the fertility of the mongrels inter se, and with both parent 
forms, that tho Polyanthus is a variety of the Cowslip, and not of 
the Primrose (P. vulgaris) as Borne authors have supposed. Now 
from the long-styled Cowslip twice fertilized in the manner ex- 
plained, I raised twenty-nine seedlings, and every one of them 
had flowers coloured more or less red ; so that tho heteromorphic 
Polyanthus-pollen wholly obliterated the influence of the homo- 
morphic pure Cowslip-pollon, which had been placed on the 
stigmas twenty-four hours previously, and not a single pure 
Cowslip was produced. 
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The last conclusion which may be deduced from the Tables, 
even from a glance at them, is that the mid-styled form differs 
from both the others in its much higher capacity for fertilization. 
Not only did the twenty-four flowers fertilized by the stamens of 
corresponding lengths, all, or all but one, yield capsules rich in 
Beed ; but of the other four illegitimate unions, that by the longer 
stamens of the short-styled form was highly fertile, though less 
than in the two legitimate unions, and that by the short stamens 
of the long-styled form was fertile to a considerable degree ; the 
two unions with this form’s own pollen were sterile, but in dif- 
ferent degrees. So that the mid-styled form, when fertilized by 
the six kinds of pollen, evinces five different grades of fertility. 
By comparing compartments 3 and G in Tablo II. wo learn a re- 
markable fact, namely, that though the pollen from the short 
st amens of the long-styled and from this form’s own (mid-styled) 
short stamens, used in theso two unions, is identical in all respects, 
yet that its action is widely different ; in the ono case above half 
the fertilized flowers yielded capsules containing a fair number of 
seed ; in the other case not one single capsule was produced. 80 , 
again, the green, large-grained pollen from the long stamens of 
the short-styled and from this form’s own (mid-styled) long sta- 
mens is identical in all respects, but its action, ns may be seen in 
compartments 4 and 5, is widely different. In both theso cases 
the difference in action is so plain that it cannot be mistaken, but 
it can be corroborated. If we look to Table III., to the legiti- 
mate action of the short stamens of the long- and mid-styled 
forms on the pistil of the short-styled form, we again see a similar 
but slighter difference, the pollen of the short stamens of the 
mid-styled form yielding a smaller average of seed during the 
two years of 1862 and 18G3 than that from the short stamens of 
the long-styled form. Again, if we look to Table I., to the legi- 
timate action of the green pollen of the two sets of long stamens, 
we shall find exactly the same result, viz. that the pollen of the 
long stamens of the mid-styled form yielded during both years 
fewer seeds than that from the long stamens from the short-styled 
form. Hence it is certain that the two kinds of pollen produced 
by the mid-styled form are less potent than the similar pollens 
produced by the corresponding stamens of the two other forms. 

When we see that the capsules of the mid-styled form yield 
a considerably larger averngc number of seed than those of 
tho Other two forms, — when we Bee how surely the flowers are 
fertilized in tho legitimate unions, and how much moro productive 
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the illegitimate unions are than those of the other two forms, we 
are led to consider the mid-sty led form as eminently feminine in 
its nature. And although it is impossible to consider as rudi- 
mentary or aborted the two perfectly developed sets of stamens 
of the mid-styled form which produce an abundance of perfectly 
well-developed pollen, yet we can hardly avoid connecting, as 
balanced, the higher efficiency of the female organ with the lesser 
potency of the two mid-styled pollens. 

Filially, it is proved by the Tables that Lythrum salicaria 
habitually produces or consists of three females different in 
structure and widely different in function ; that it produces or 
consists of three sets of males widely different in structure and 
function ; and that two of the three sets of males are subdivided 
into subgroups of half a dozen each, differing in a marked manner 
in potency, so that regularly five kinds of pollen are elaborated 
by this one species of Lythrum. 

Lythrum Grtefferi. — I must now say a few words about somo of 
the other species of the genus. I have examined numerous dried 
flowers of L. Qrwffcri, each from a separate plant, kindly sent 
me from Kew. This species, like L. salicaria, is trimorphic, and 
tlio three forms apparently occur ; in about equal numbers. In 
the long- styled form the pistil projects about one-third of tbo 
length of the calyx beyond its mouth, and is therefore shorter 
than in L. salicaria ; the globose and hirsute stigma is larger thau 
that of the other two forms ; the longer stamens, which are 
graduated in length, have their anthers standing just above and 
just beneath tho mouth of the calyx; the half-dozen shorter 
stamens rise rather above the middle of tho calyx. In the mid- 
styled form tho stigma projects just above the mouth of the 
calyx, and stands almost on a level with the longer stamens of 
the previous form ; its own longer stamens project well above the 
mouth of the calyx and stand a little above the level of tho stigma 
of the long-styled form ; the shorter stamens correspond in all 
respects with the shorter ones in the previous form. In the 
short-styled form tho stigma of the pistil is nearly on a level with 
the anthers of the shorter stamens in the two preceding forms ; 
and tho longer stamens correspond with the longer stamens of 
tho mid-styled form, and tho shorter stamens with the longer 
stamens of tho long-styled form. In short, there is a close general 
correspondence in structure between this species and L. salicaria, 
but with some differences in the proportional lengths of the parts. 
.Nevertheless the fact of each of the three pistils having two sots 
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of stamens, borne by the two other forms, of corresponding lengths, 
comes out conspicuously. Ill the mid-styled form the distended 
pollen-grains from the longer stamens had nearly double the 
diameter of those from the shorter stamens ; so that there is a 
greater difference in this respect than in L. salicaria. In the 
long-styled form, also, the difference in diameter between the 
pollen-grains of the longer and shorter stamens was plainer than 
in L. salicaria. These comparisons, however, must be received 
with caution, as they were made on specimens long kept in a 
dried condition. 

Lythrum thymifolia. — This form, according to Vaucher*, is 
dimorphic like Primula, and therefore presents only two forms. 
I received two dried flowers from ICew, which presented two 
forms : in the one form the stigma projected far beyond the calyx, 
in the other it was included within the calyx; in this latter form 
the style was only one-fourth of the length of the style of the 
■other form. There are only six stamens ; these are somewhat 
graduated in length, and in the short-styled form the anthers 
stand a little above the stigma, but yet the stamens by no means 
■equal in length the pistil of the long-styled form ; in the long- 
styled form the stamens are rather shorter than in the other 
form. These six stamens alternate with the petals, and corre- 
spond homologically with the longer stamens of L. salicaria and 
In. Orccffcri. As there arc only six stamens, it is scarcely possible 
that this species can bo trimorpbic. 

Ly thrum hyssopifolia. — This species is said by Vaucher, but I 
believe erroneously, to be dimorphic. I have examined dried 
flowers from twenty-two separate plants from various localities, 
kindly sent to me by Mr. Hewett C. Watson, Prof. Babington, and 
-others. These were all essentially alike. Hence the species cannot 
be dimorphic. The pistil varies somewhat in length, but when un- 
usuallylong the stamens are likewise generally long ; in the bud the 
stamens arc short : perhaps these circumstances deceived Vaucher. 
'There are from six to nine stamens, graduated in length ; the sta- 
mens which are variable in being present or absent correspond with 
the six shorter stamens of L. salicaria and with the six which are 
absent in L. thymifolia. The stigma is included within the calyx, 
and stands in the midst of the anthers, and would generally be 
fertilized by them ; but as the stigma and anthers are upturned, 
and as, according to Vaucher, there is a passage left in the upper 
side of the flower to the nectary, there can hardly be a doubt that 
* Hist. Phys. iles Plantes (V Europe, tom. ii. (1841) pp. 3C9, 371. 
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tho flowers arc visited by insects, which would occasionally bring 
pollen from other flowers of the same or of any adjoining plant, 
as surely as occurs with the short-styled L. salicaria, of which 
tho pistil and corresponding stamens closely resemble those of 
L. hyssopifolia. According to Vauchcr and Lccoq*, this species, 
which is an annual, generally grows almost solitarily, whereas tho 
three preceding species arc social ; and this alone would almost 
have convinced me that L. hyssopifolia cannot bo dimorphic, as 
such plants cannot habitually live by themselves nny better than 
one sex of a dioecious species. 

Neseea vcrticillata. — I raised a number of plants from seed scut 
me by Professor Asa Gray, and they presented three forms. These 
differed from each other in the proportional lengths of their organs 
of fructification and in all x'cspecf s in very nearly tho same way as 
tho three forms of Lyllirum Orccffcri. The green pollen-grains from 
tho longest stamens, measured along their greater axis and not 
distended with water, were of an inch in length ; those from 
the stamens of middle length ^*60*0, those from tho shortest 
stamens of an inch. 

We have seen that the genus Lytlirum affords trimorphie, dimor- 
phic, and monomorphic species. 

The inquiry naturally arises, why do these species differ so 
remarkably in their sexual relations ? of what service can reci- 
procal dimorphism or trimorpliism be to certain species, whilst 
other species of the same genus present, like the great majority of 
plants, only one form ? I have elsewhere given too briefly f the 

* Ceograph. Hot. tic l’Europe, tom. vi. (1857) p. 157. 

t ‘Origin of Species,’ 3rd edit., p. 101. Hugo von Molil has recently (Hot. 
Zeitnng, 1863, S. 300, 321), in a most interesting paper, advanced tho case of (lie 
minute, imperfectly developed, closed and self-fertdc flowers homo by Viola, 
Oxalix, Impaliens, Campanula, &c., as an argument against my doctrino that no 
species is self-fertilized for perpetuity. I may state that in the spring of 1862 I 
examined some of these flowers, and saw, though less thoroughly, all that 
H. von Molil has so well described. I can add only one remark, which I 
believe is correct, that in V. canina there is on open channel for tho pollen- 
tubes from tho extremity of tho stigma to tho ovarium j for I gently pressed a 
minute bubble of air repeatedly backwards and forwards from end to end. 
Though the iinporfcctly developed and the perfect flowors aro so different in 
structure, it is a rather curious caso of correlation, that in tho double purple 
Violet ( V. odorata) tho minute imperfect flowers are double to tho very core, 
bo that a section appears liko the head of a cabbage when cut through. Thcro 
can be, as von Mold asserts, no doubt that these flowers arc always self-fertilized ; 
they are moreover specially adapted for this end, os may bo seen in tho remark- 
able difference in the shape of tho pistil in V. canina (and in a less dogree in 
V, hirla and the single V. odorata) as compared with that of the perfect flower j 
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general grounds of my belief that with all organic beings distinct in- 
dividuals at least occasionally cross together, and reciprocal dimor- 
phism is plainly one most efficient means for ensuring this result. 

and in the pollen-tubes which proceed from the grains within the anthers in 
V. canine, mid from within the lower anthers of Oxalix acelosclta, having the 
wonrlerfnl power of directing their course to tho stigma. If these plants had 
produced the minute closed (lowers nlonc, the proof would have been pcvfect. 
(hat they could never have crossed with other individuals. I am aware that 
in some of these cases it has been stated that the perfect flowors never produco 
any seed ; ns far ns Amphicarpaa is concerned, I hear from Professor Asa Gray 
that the pctaliferous flowers certainly sometimes yield seed. Tho completely 
enclosed flowers of that, curious grass, the Lcerxia mryzoitlex, as described by M. 
Iltivnl-.Touve (Bull. Soe. Bot. dc France, tom. x. 1863, p. 1!H), apparently offer 
(ho best case of perpetual self-fertilisation j for when perfect flowers are pro- 
truded from tho culms, they are, ns far ns is yet. known, always sterile. In a 
number of plants kept by me in pots in water, not ono singlo perfect (lower 1ms 
protruded, but the enclosed flowers produced plenty of seed. 'Without, wishing 
to throw any doubt on M. Ilnval-Jouve’s excellent observations, I may add that 
with (lie enclosed (lowers borne by my plants, the act of fertilization, that is, 
the penetration of the stigma hy the pollen-tubes, took place in the air and not 
in fluid within the glumes. With tho exception of tho Leerxia, ns the case now 
stands, I cannot, see how the production of the small, imperfect flowers invali- 
dates my doctrine that no species is perpetually self-fertilized, more than tho 
multiplication of many plants hy bulbs, stolons, &c. As I observe that tho pro- 
duction of seed hy tho perfect flowers of Viola is spoken of ns something capri- 
cious and accidental, I may state that, although it varies much in different years, 
it. depends exclusively on the visits of bees j I ascertained this by marking many 
flowers thus visited, and finding that they produced capsules, and by covering up 
ninny flowers which (excepting a few that I artificially fertilized) did not, when 
thus protected, produce a singlo capsule. After bees have visited those flowors, tho 
pollen maybe seen scattered on tho pnpillie and on tho stigma itself, and they can 
imrdly fail thus to cross distinct individuals. These remarks apply to V. coni no, 
hirfa, and odorala ; with V. tricolor tho case is somewhat different ; hut I 
must not. enlargo any more on this subject. The production by so many plants 
of perfect and expanded, ns well ns of imporfcct and closed flowers, seems to mo 
to throw much light on many points ; it shows how extraordinarily little 
pollen is necessary for full fertilization, for I ascertained with V. canina that tho 
perfect and imperfect, (lowers (tho latter producing so few pollen-grains) yielded 
tho same averngo number of seeds j it shows us that fertilization can be perfected 
in closed flowers ; it shows us that large, highly coloured petals, perfume, and 
tho secretion of nectar are by no means indispcnsnblo for this act, even in those 
species which properly possess these characters. It seems to me that the neces- 
sity of nn occasional cross with a distinct individual of the samo species explains 
the universal prcsenco of at least some expanded flowers, at the expense of injury 
from rain and the loss of much pollen by innumerable pollen-robbing insects j 
it explains the enormous superfluity of pollen from its liability to loss from these 
causes nnd during conveyance from flower to flower ; it explains the use of a 
gaily coloured corolla, perfume, nnd nectar, namely, to attract insects, except in 
those comparatively few cases in which wind is tho agent, nnd in these the last- 
named attributes nro deficient. 
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TJiis result would appear to bo ono of high importance, for with 
dimorphic plants it is ensured at the risk of occasional sterility ; 
not only is the pollen of each plant useless or nearly useless to 
that individual, hut so is the pollen of all the plants of the same 
form, that is, of half the total number of individual plants. In 
that extensive class of plants called by C. K. Sprengel dicho* 
gams, in which the pollen of each flower is shed beforo its own 
stigma is ready, or in which the stigma (though thiB case occurs 
more rarely) is mature before the flower’s own pollen is ready 
sterility can hardly fail to be the occasional result ; and it would 
be the inevitable result with both dichogamous and reciprocally 
dimorphic flowers unless pollen were carried by insects (and in 
some few species by the wind) from one flower or plant to tho 
other. As with reciprocal dimorphism so with dichogamy, 
within tho same genus some of tho species are and bojivo are not 
thus characterized. Again, in the same genus, as in that of 
Trifolium, souk; species absolutely requiro insect-aid to produco 
seed, others are fertile without any such aid ; now when insects are 
requisite for fertilization, pollen will generally be carried from one 
flower lo the other. We thus see, by means of reciprocal dimor- 
phism, of dichogamy, and of insect-aid, that some species require, 
or at least receive, incessant crosses with other individuals of the 
Bame species ; whereas other specieB of the same genera can be, 
and probably are often fertilized during long periods by the 
pollen of their own flowers. Why this wide difference in the 
frequency of crosses should occur we are profoundly ignorant. I 
will only further remark on this head, that it would be a great 
mistake to suppose that many flowers, which are neither reci- 
procally dimorphic nor dichogamous, nor require insect-aid for 
their fertilization, nor b!\ow any particular adaptation in their 
structure for the visits of insects, are not habitually crossed with 
the pollen of other individuals ; this occurs, for instance, habitually 
with cabbages, radishes, and onions, which nevertheless are per- 
fectly fertile (as I know by trial) with their own pollen without 
aid of any kind. 

But it may be further asked, granting that reciprocal dimor- 
phism is of Borvico by ensuring at each generation a cross (but I 
am far from pretending that it. may not have some additional 
unknown signification), why did not dimorphism suflico for 
L. snlicaria and Oncffhri ? why were they rendered reciprocally 
trimorphic, entailing such complicated sexual relations? Wo 
cannot answer, except perhaps so 1'ar : — if we suppose two plants of 
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tho L. snlicaria to grow by themselves, then if the species were 
dimorphic it would only be an equal chance in favour of the two 
turning out different forms and consequently both being fertile; 
but as the species is trimorphic and each form can fertilize the 
two other forms.it is two to one in favour of the two turning out 
different forms and boing consequently both fertile. Wc thus 
see how reciprocal trimorphism must be an advantage ; aud 
probably it would bo more advantageous to this Lythruin, which 
commonly grows in almost a single row along the banks of 
streams, than it would be to Primroses or Cowslips which have 
neighbours on all sides. But even if trimorphism effected no 
good beyond that gained by dimorphism, we ought not to feel 
much surprised at. its occurrence, for wc continually sec throughout 
nature the same end gained by tbe most complicated ns well as by 
the most simple means: to give one instance: — in malty dioecious 
plants pollen is carried from tbe male to the female by the wind, 
which is perhaps the, simplest method conceivable, or by the 
adherence of the grains to the hairy bodies of insects, which is a 
method only a little less simple; but in Gala set um the conveyance 
is effected by tlio most complex machinery ; for in this orchid wo 
have sensitive horns which when touched cause a membrane to 
rupture, Mul this sets free certain springs by which the pollen- 
mosses are shot forth like an arrow, and they adhere to the 
insect’s body by a peculiar viscid matter, and then by the breaking 
of an clastic thread of the right strength the pollen is left sticking 
to the stigma of the female plant. The complexity of the means 
used in this and in many other cases, in fact depends on all tho 
previous Btagcs through which the species has passed, and on tho 
successive adaptations of each part during each stage to changed 
conditions of life. 

As some authors consider reciprocal dimorphism to ho tho first 
step towards diceciousncBs, the difficulty of understanding how a 
trimorphic plant like Ly thrum snlicaria could become dioecious 
should ho noticed ; and as dimorphism and trimorphisin are so 
closely allied, it is not probable that cither state is necessarily 
in any way related to a separation of the sexes — though it may 
occasionally lead to this end. As far as L/thrum snlicaria is con- 
cerned, the one tendency which we can discover is towards the 
abortion of the two sets of stamens in the mid-styled form. This 
tendency is evinced by its pollen, though abundant and apparently 
good, yielding a smaller percentage of seed than docs tho pollen 
of the corresponding stamens in the other two forms; and this 
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fact is iu itself curious, and shows by what insensibly graduated 
steps nature moves. If this tendency were carried out tho 
niid-stylcd form would become a female, depending for its fer- 
tilization on two sols of stamens in tho long- and short-styled 
forms ; and these two forms would reciprocally fertilize each other 
like tho two forms of Primula or Linum ; but there would be no 
approach to a dioecious condition. 

As tho case of tho trimorphic species of Lythrum is so com- 
plicated, and as it is easier to perceive the relations of the sexes 
in tho animal than in the vegetable kingdom, it may be worth 
while to give, before concluding, a somewhat elaborate simile. 
Wo may take the case of a species of Ant, and suppose all tho 
individuals invariably to livo in three kinds of communities; in 
the first, a large-sized female (not to specify other differences) 
living with six middle-sized and six small-sized males; iu tho 
second, a middle-sized fcmalo with six large- nnd Bix small-sized 
males; and in tho third community, a small-sized female with six 
large- and six middle-sized males. Each one of these three 
females, though enabled to unite with any male, would be nearly 
sterile with her own two sets of males, and likewise with two 
other sets of males living in the other two communities; for she 
would bo fully fertile only when paired with a male of her own 
size. Hence the thirty-six males, distributed by half-dozens iu 
tho three communities, would bo divided into threo sots of a 
dozen each ; and these sets, as well as tho three females, would 
differ from each ot her sexually in exactly the same manner as 
distinct species of tho same genus. Moreover the two Bets of 
males living in the community of the extraordinarily fertile 
middle-sized female would ho less potent sexually than the males 
of corresponding size in the two other communities. Lastly, we 
should find that from the eggs laid by each of the threo females, 
all threo sorts of females and all three sorts of males were 
habitually reared — proving to demonstration that all belonged to 
one and the same species. 

To appreciate fully this remarkable case of the reciprocally tri- 
morphic species of Ly thrum, we may take a glance at tho two great 
kingdoms of nature and search for anything analogous. With 
animals we have the most astonishing diversity of structure in 
the so-called cases of alternate generation, but as such animals 
have not arrived at maturity, they are not properly comparable 
with tho forms of Ly thrum. With mature animals we have 
extreme differences in structure in the two sexes; we have in 
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Rome of the lower animals males, females, and hermaphrodites 
of the Raino species ; we have the somewhat more curious case, 
of certain Cirripedes which are hermaphrodites, but are sexually 
aided by whole clusters of what 1 have called eomplemontal 
males; we have, as Mr. Wallace has lately shown, the females of 
certain Lepidoptcra existing under three distinct forms ; but in 
nono of those eases is there any reason to suspect that there 
is more than ono female or one male sexual element. With 
certain insects, as with Ants, in which there exist., besides ■ 
males and females, two or three castes of workers, we have a 
slightly nearer approach to our case, for the workers are so far 
sexually affected as to have been rendered sterile. With plants, 
at. least, with phanerogamic plants, we havo not that wonderful 
series of successive developmental forms so common with animals ; 
nor could this be expected, as plants aro fixed to ono spot from ' 
their birth, and must be adapted throughout life to the same 
conditions. With plnnls we havo Bexual differences in structure, 
but apparently less strongly marked than with animals, from 
causes which aro in part intclligiblo, such as tliero being no 
sexual selection ; again, wo have that class of dimorphic (lowers 
so ably discussed recently by Hugo von Mold, in which some 
of the flowers aro minute, imperfectly developed, and neces- 
sarily self-fertile, whilst, others are perfect and capable of 
crossing with other flowers of the same species; but in these 
several cases wo have no reason to suspect that there iB moro 
than one female or one male sexual clement. When we come to 
the class of reciprocally dimorphic plant s, such as Primula, Linum, 
Ac., we first meet, with two masculine and two feminine Boxes. 
But these cases, which seemed only a short, time since so Btrangc, 
now sink almost into insignificance before that of the triinorphic 
species of Lt/thrum. 

Naturalists aro so much accustomed to behold groat diversities 
of structure associated with the two sexes, that they feel no 
surprise at the fact ; hut differences in sexual nature have been 
thought to bo the very touchstone of specific distinction. Wo 
now see that such sexual differences— the greater or less power 
of fertilizing and being fertilized— may characterize and keep 
separate the coexisting individuals of the same species, in the 
same manner as t hey characterize and have kept separate those 
groups of individuals, produced from common parents during the 
lapse of ages or in different regions, which we rank and deno- 
minate as dist inct species. 



